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NONLINEAR BEHAVIOR OF CONTINUOUS COLD-FORMED BEAMS 
by 
Ken P. Chong1 , H. ASCE, and David M. Mosier2 
INTRODUCTION 
One of the most successful and economically desirable products available 
in structural design today is the thin-walled, cold-formed structural steel 
beam. When compared to materials like concrete and timber, cold-formed mem-
bers provide lightness, high strength and stiffness, ease in prefabrication, 
fast and easy installation and uniform quality. When compared to the thicker 
hot rolled structural steel shapes, such as wide flange beams or I beams, 
cold-formed sections are much more economical in relatively light load or 
short span design. The combination of these qualities provide substantial 
cost savings during construction. 
Most of the work done to date on the design specifications (5) for thin-
walled cold-formed structural steel beams has been done at Cornell University 
by George Winter (8). Under programs sponsored by the American Iron and Steel 
Institute, substantial gains have been made in the understanding of simply 
supported flexural cold-formed members (5,8). However, at the present time 
design specifications on cold-formed beams are based on tests and experiments 
conducted on simply supported members. There are only a few hypotheses to 
date on the behavior of continuous cold-formed beams (1,2,4,7). Since most of 
1Associate Professor, Dept. of Civil and Architectural Engineering, University 
of Wyoming, Laramie, Wyoming. 
2Engineer, Shell Oil Co., New Orleans, Louisiana, formerly student in the Dept. 
of Civil and Architectural Engineering, University of Wyoming, Laramie, Wyoming. 
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the coverings and purlins used in light-gage steel construction are supported 
continuously, it is needed that factual information on the behavior of such 
members be made available. 
It is therefore the intent of this paper to explore the behavior of con-
tinuous or multispan cold-formed structural steel beams by testing full scale 
members similar to those used in actual light-gage construction. 
Based upon these tests, new theories on the behavior of continuous cold-
formed beams are formulated in hopes that a more complete understanding of 
these members will be possible. 
EXPERIMENTAL 
Experimental Objectives 
In this study, several items were included as experimental objectives: 
stress distribution across the flanges, deflection, the interactions of moment 
and shear, and the effects of continuity on the effective widths. 
Materials 
Test beams used in this experiment consisted of the laterally stable hat 
section. A-446 Grades A and D galvanized steel with thicknesses of 0.0471 in. 
and 0.030 in. respectively, was used in the construction of the beams (Fig. 1). 
Four beams were tested. The width of the flange to thickness ratios of these 
beams ranges from 16.7 to 323.2. Tensile coupons were machined from the test 
beam stock, and complete tensile stress strain diagrams were derived prior to 
the testing of the beams. Foil Strain Gages were used to monitor stresses 
during the testing, and dial gages positioned at various points along the 
span provided the actual deflections of each beam under load (Figs. 2, 3 and 
4). Test beams were loaded at one third points by using loading beams and 
two span conditions were employed (Fig. 4). The overall set-up of the testing 
is shown in Fig. 5. 
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By arranging the materials used in this experiment as shown in Figs. 2, 3 
and 4, many of the experimental objectives were able to be met. In order to 
gain a full understanding of the deflection of each beam under load, dial gages 
were placed at the midpoint of the span, the point indicated by structural anal-
ysis as the maximum deflection point. and two points at and near the end reac-
tion as shown in Fig. 2. In utilizing this arrangement of dial gages, actual 
deflections of the test beams under load could be compared to results obtained 
from theoretical analysis. 
Observation 
·-------- --
Load and strain were recorded during the loading of each beam. Fig. 6 is 
a typical plot of the total load versus strains. 
From the load-strain records, calculations were made for the stress at 
each gage location and station by 
f' ; E E: X 10-6 •.••••...•• (1) 
where f' equals the stress in the flange in ksi, E equals Young's Modulus 
(29.5 x 103 ksi for steeD and E equals the strain gage reading in micro inches 
per inch. From this, the area of the stress block A was calculated. Repre-
sentations of the nonlinear stress blocks are shown in Fig. 7 where the numrers 
indicate strain in micro inches. 
From here, the actual effective width of the beam at any given station and 
load could be calculated by 
where, 
b 
b effective width of compression flange; and 
€: 
max 
strain at edge of compression flange. (; E:A) 
..•...•.•.• (2) 
230 THIRD SPECIALTY CONFERENCE 
A bilinear stress-strain curve is assumed for steel. Thus if the strain 
is greater than the yield strain, it is set equal to the yield strain in Eqs. 
1 and 2. 
Maximum deflections were recorded for each load increment. A typical 
load-deflection curve is shown in Fig. 8. Fig. 9 depicts a continuous beam 
after failure. 
THEORY 
Effects of Contin~~~E_Effective Width 
von Karman, et. ~ (10) pioneered the concept of effective width. 
b jfmax Testing by Sechler (6) and Winter (8) indicated that the term t --E-- depends 
linearly on the nondimensional parameter ~ ~ for simple beams. 
Jfmax 
For continuous beams high shear and high moment can exist at the same 
location in addition to regions subjected to high moment and low shear. A 
computer analysis using the least squares method was done on the experimental 
points in both regions of high shear - high moment and high moment - low shear. 
In the latter case, a straight line regression was the most accurate with a 
standard error of 0.229 (Fig. 10). They intercept of this line was exactly 
1.9 and the slope of the line was-1.00. In Winter's equation (8), the inter-
cept is found to be 1.9 and the slope -0.90. These remarkably close results 
verify the validity of the testing procedures and indicate a high degress of 
accuracy in the experimental results. 
Computer analysis in the areas of high shear - high moment resulted in 
somewhat more complicated figures. The straight line regression was not the 
most accurate whereas the second degree curve was (Fig. 11). Standard error 
in this case was 0.164. The resulting equation is ( 3): 
b = 1.26 t rr--J rmax -2.47 (~)/ ~f +1.99] w:; max •••••••••••• (3) 
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For fully effective width, 
b = w 
Let z =~ 
w w t 
Substituting Eqs. (4), (5) and (6) into (3), there results: 
w3 z - 2.51 w2 + ~~ w 1 · 26 = o z - -zr 












If actual (w/t) ratio is below or equal to the (w/t)lim no reduction is made in 
the effective width of the compression flange. 
Deflection Analysis 
For deflection determination the actual compressive stress f is used. That 
is: 
f = f 
max 
Also for cold-formed steel, 
E = 29.5 x 103 ksi 
........•.• (10) 
........... (ll) 
Substitution of Eqs. (10) and (11) into Eq. (9) and Eq. (3) respectively, re-
sulting: 
(w!t) 1 . = ll5.4/Jf ~m .•......•.. (12) 
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(w/t) > (w/t)lim' then 
216.4 [ 29500 t 2 424 2 t J 
-.rr- -f- <;:;) - ;T-- <:) + 1.99 
Load Analysis 
.......•... (14) 
To determine the load capacity of a continuous beam, let (11): 
f = (S.F.)F 
max 
where F = Fy/(S.F.) 
S.F.= Safety Factor 1. 67 
In general if f 2 F, then 
f 1.67f 
max 
From Eqs. (9) and (3), invoking Eqs. (11) and (16): 
(w/t)lim = 89.3/jj' 
If (w/t) < (w/t)lim' then b 









Table 1 lists the limiting width-thickness ratio for non-tubular sections 
at regions of high shear and high moment. Both load and deflection determina-
tions are presented. It can be observed that these limits are considerably 
lower than the present Specifications (5). However the effective width does 
not differ so much from the Specification. For example, in load determination 
for w/t of 100 and f = 20 ksi, the present code gives b/t = 50; whereas Eq. (18) 
gives b/t = 49. 
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The present AISI Specification (5) gives a safeguard against excessive 
shear and moment interaction. The test results indicate that for high loads 
all of the points fall outside the unit quarter circle with (fbw/Fbw) as 
ordinate and (f /F ) as abscissa. 
v v 
The terms fbw' Fbw' fv and Fv are defined 
in Article 3.4.3 of the Specification (5). 
The main objective of this investigation is to provide a more reliable 
prediction of deflection on continuous cold-formed beams. Heretofore deflec-
tions in continuous beams (2) are based on effective widths for simple beams. 
Since the bending moments and shears vary along the continuous beam, the effec-
tive moments of inertia are also continuously varying (12). The following 
approximate method is used to find an overall effective moment of inertia: 
(1) The maximum deflection and its location are found assuming 
uniform moment of inertia~ 
(2) Shear and moment diagrams are plotted based on uniform moment 
of inertia (Fig. 12). 
(3) Within a span let L1 , L2, Li (Fig. J2) denote regions of 
positive and n~gative moments. Within each region pick the 
maximum moment and judge whether high shear or low shear exists 
at this point. If high shear exists use Eqs. (12) to (14). 
If not use the present code (5). 
(4) To find f assume the section to be fully effective. That is, 
f ........•.. ( 19) 
where, actual compressive stress to be used in effective 
width calculation; 
M Moment found in Step (2); 
y distance from neutral axis to compression flange; and 
IF= full moment of inertia. 
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(5) Let r 1 , r 2 , ... , Ii be the reduced moments of inertia 
corresponding to regions L1 , L2 , .•. Li, then the over-
all effective moment of inertia I is: 
I llLl + I2L2 + ... + IiLi 
Ll + L2 + + Li 
•••••••••.• (20) 
(6) I is substitute into the expression for maximum deflection in Step (1). 
Figure 8 is a typical plot showing the correlation between experimentaldata 
and the theory. For the case of two equal continuous spans subjected to third 




(Fig. 14), the 
PL3 
= o.ol52 E1 
maximum deflection is given by: 
..•....••.. ( 21) 
For regions of high moment and low shear Winter's effective widths (8,5) 
based on simple span tests are still applicable for continuous spans. However 
for regions where high shear and high moment occur simultaneously, such as over 
interior supports, the effective width differs substantially from those pre-
dieted by the Specification (5). However the Specification gives a safeguard 
against overstressed condition by the shear-moment interaction formula. 
An approximate method which incorporates the influence of continuity on 
effective widths is elaborated for the evaluation of deflections in continuous 
beams. The theory agrees reasonably well with experimental observations. 
In view of the fact that only four continuous beams were tested, this 
paper can only be regarded as exploratory in nature. The theories presented 
will be refined or modified when more testing data are available. Also to com-
plete,the investigation, continuous tubular sections should be included. 
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APPENDIX II. -NOTATIONS 









f = bw 






area of nonlinear stress block across a compression flange; 
effective width of a compression flange; 
Young's modulus; 
actual edge stress in a compression flange; 
stress at any point across a compression flange; 
edge stress in a compression flange; 
basic allowable design stress; 
actual compressive stress at junction of flange and web; 
maximum allowable compressive stress in the flat web of a beam due to 
bending; 
actual average shear stress; 
maximum allowable average shear stress; 
safety factor; 






flat width of a compression flange; 
w/t; 
parameter defined in Eq. 5; and 
maximum deflection. 
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TABLE 1. 
Limiting Width - Thickness Ratio for Stiffened Compression 
Elements at Regions of High Shear and High Moment 
--1 ------------
Stress, f For Load I For Deflection 





10 28.2 36.5 
15 23.1 29.8 
20 20.0 25.8 
25 17.9 23.1 
30 16.3 21.1 
35 15.1 19.5 




OTHERS 89. 3//f 115.4//f 
·--------




TYPICAL TEST BEAM SECTION 
DIMENSIONS BEAM I BEAM 2 BEAM 3 BEAM 4 
All dimensions in 
inches 
T - Thickness 0. 04 71 0. 0471 0. 0471 0.0'30 
B - Top Width 3. 1 15 5.142 7. 109 10.010 
w - Flat Width 2. 771 4. 798 6.765 9.700 
f) 
- Overall Depth 2.573 2. 643 2.597 4.093 
A - Flat Depth 2.229 2.299 2.253 3. 783 
F - llottom Width l. 063 2.034 2.847 2. 01 7 
L - Flat Width llott 0.782 I . 7 2 S 2. 512 1 . 7 s 1 
E - Edge Distance 0. 273 0. 3 31 0.336 0.397 
c - Corner Distance 0.172 0. 17 2 0. 172 0. 1 ss 
81 - goo Angles 90 90 90 qn 
02 - Acute Angles 65 77 87 71 
IU - 90° Inside R 0.125 0.125 0. 125 0. 125 
R2 - Acute Inside R 0.12 5 0. 125 0. 12 s 0.1 75 
Fy (ksi) 3o. 1 36. I 3h. 1 !;9. 7 
AVERAGE TEST BEAM DIMENSIONS 
Fig. 1 Test Beam Dimensions 
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Typical Beam Section and Strain Gage Location 











Fig. 4 Test Apparatus 
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